Introduction
============

In recent years, increased attention has been given to the concept of premature mortality, particularly that arising from noncommunicable disease.[@R1] In 2012, the sixty-fifth World Health Assembly of the World Health Organization (WHO) adopted a global target for the reduction of premature mortality (that is death among people aged 30--69 years) due to noncommunicable disease and subsequently set out life-table methods for measuring and reporting progress towards achieving this target.[@R2] Subsequently, further analyses of premature noncommunicable disease mortality paved the way for the adoption of target 3.4 of the United Nations' sustainable development goals (SDG):[@R3] to "reduce by one third premature mortality from noncommunicable diseases through prevention and treatment" by 2030.[@R4]

Without doubt, morbidity and mortality from noncommunicable disease engender considerable concern worldwide and probably present the greatest challenge to providing health services for adults of all ages in coming decades.[@R5] Despite the international consensus on reducing noncommunicable disease mortality, there has been relatively little discussion or analysis of the implications of choosing premature noncommunicable disease mortality as a key metric. Although there is strong evidence that the premature noncommunicable disease mortality reduction target is viable,[@R3] much less is known about strategic targets for noncommunicable disease mortality in older people. Indeed, as the highest rates of death due to noncommunicable diseases occur in later life, it might be considered counterintuitive to focus attention on premature noncommunicable disease deaths. Furthermore, given the high burden of noncommunicable disease in later life worldwide (which partially reflects exposure to risk factors in earlier life), focusing on premature mortality may give an impression of institutional ageism within the health sector.[@R6] In fact, the choice of premature noncommunicable disease mortality as the metric for monitoring global progress on noncommunicable disease control has been misconstrued as not caring about the health of older people.[@R7] Some of this debate may, however, have blurred the important distinction between what makes a good metric and how effective health-care policy should be implemented throughout the life-course.

Global noncommunicable disease mortality rates are a composite of complex variables. For example, in places where health care is suboptimal, poor diagnosis and treatment in younger adults may lead to premature deaths and inadequate public health measures may fail to reduce exposure to important risk factors, thereby leading to death at any age. In contrast, where health care is more comprehensive, the appropriate diagnosis and treatment of chronic noncommunicable diseases will probably postpone some potentially premature noncommunicable disease deaths till later in life. However, regardless of how well their health-care needs have been met and managed, most older adults will eventually die of noncommunicable diseases in any setting.

Rather than merely add to conceptual discussions about the appropriateness of the premature noncommunicable disease mortality metric as the chosen means of tracking progress on noncommunicable diseases in SDG target 3.4, it seems more helpful to evaluate the evidence supporting this metric's usefulness and scope. Currently, good primary data on cause-specific mortality in older people are scarce for much of the world's population and global estimates must be based on modelling. Despite their limitations, cause-specific mortality data, by age and sex, are available over time for every country in the world. Using these data, one can objectively consider the potential value of premature noncommunicable disease mortality metrics for understanding noncommunicable disease mortality in older people (that is, older than 70 years). In particular, the following questions can be addressed: (i) How are premature and older noncommunicable disease mortality rates interrelated within populations? (ii) Do relationships between premature and older noncommunicable disease mortality rates differ by sex? and (iii) Are relationships between premature and older noncommunicable disease mortality rates stable over time and geographical location?

The aim of this article was to provide an evidence-based understanding of the strengths and weaknesses of WHO's premature noncommunicable disease mortality metric for policy and practice. The article does not set out to elucidate patterns or trends in noncommunicable disease mortality per se. The core question is whether measuring premature noncommunicable disease mortality, as mandated by WHO and SDG target 3.4, also provides reasonably useful information on noncommunicable disease mortality in the older population.

Methods
=======

A database was compiled of mortality rates for cardiovascular disease, cancer, chronic obstructive pulmonary disease and diabetes (the four major noncommunicable diseases identified by WHO for assessing premature mortality) using estimates from the Global Burden of Disease Study 2017 as source material.[@R2]^,^[@R8] This database reflected data modelled from a wide range of sources for all countries over time in a manner that complies with the Guidelines for Accurate and Transparent Health Estimates Reporting.[@R9]^,^[@R10]

Data on deaths and mortality was downloaded that covered 195 countries and was divided into: (i) two sex groups; (ii) twelve 5-year age groups from 30 to 89 years; (iii) six 5-year time points within the period covered by Global Burden of Disease estimates (i.e. 1992, 1997, 2002, 2007, 2012 and 2017); and (iv) four disease groups: cardiovascular disease (Global Burden of Disease cause code 410), cancer (code 587), chronic obstructive pulmonary disease (code 491) and diabetes mellitus (code 509). Overall, the total number of data points was 112 320 (i.e. 195 × 2 × 12 × 6 × 4). In addition, data was derived for individual WHO regions by merging data for countries in each region and each country's population was calculated as the number of reported deaths × 1000 divided by the country's mortality rate. The data set used is available in a GitHub data repository (GitHub, San Francisco, United States of America).[@R11]

These data were used to produce a descriptive summary of the number of deaths and mortality, by year, sex, WHO region and noncommunicable disease cause of death, for two age groups in which deaths due to a noncommunicable disease occur: a premature age group which included people aged 30--69 years and an older age group which included those aged 70--89 years ([Table 1](#T1){ref-type="table"}). Data for these two age groups were derived by combining data from the relevant 5-year age groups for the categories: (i) year; (ii) sex; (iii) WHO region; and (iv) noncommunicable disease cause of death.

###### Deaths and mortality due to four major noncommunicable diseases,^a^ worldwide, 2017

  Category                                    No. of deaths, millions (%)^b^   Mortality, per 1000 people
  ------------------------------------------- -------------------------------- ----------------------------
  **Premature age group (30--69 years)**                                       
  Total                                       63.33 (100)                      3.93
  Year                                                                         
      1992                                    9.40 (14.8)                      4.62
      1997                                    9.90 (15.6)                      4.34
      2002                                    10.13 (16.0)                     3.99
      2007                                    10.27 (16.2)                     3.66
      2012                                    11.08 (17.5)                     3.61
      2017                                    12.55 (19.8)                     3.72
  Sex                                                                          
      Female                                  25.11 (39.7)                     3.12
      Male                                    38.21 (60.3)                     4.74
  WHO region                                                                   
      African                                 4.19 (6.6)                       3.29
      Americas                                7.40 (11.7)                      3.28
      South-East Asia                         15.67 (24.7)                     4.16
      European                                13.12 (20.7)                     4.92
      Eastern Mediterranean                   4.36 (7.0)                       4.26
      Western Pacific                         18.59 (29.4)                     3.63
  Cause of death                                                               
      Cardiovascular disease                  32.10 (50.7)                     1.99
      Cancer                                  23.58 (37.2)                     1.46
      Chronic obstructive pulmonary disease   4.86 (7.7)                       0.30
      Diabetes                                2.79 (4.4)                       0.17
  **Older age group (70--89 years)**                                           
  Total                                       79.36 (100)                      43.55
  Year                                                                         
      1992                                    10.62 (13.4)                     51.15
      1997                                    11.52 (14.5)                     48.11
      2002                                    12.72 (16.0)                     45.71
      2007                                    13.47 (17.0)                     42.04
      2012                                    14.88 (18.8)                     40.80
      2017                                    16.15 (20.4)                     39.22
  Sex                                                                          
      Female                                  39.39 (49.6)                     38.09
      Male                                    39.97 (50.4)                     50.72
  WHO region                                                                   
      African                                 3.55 (4.3)                       40.73
      Americas                                10.74 (13.5)                     35.36
      South-East Asia                         13.07 (16.5)                     43.58
      European                                22.44 (28.4)                     46.05
      Eastern Mediterranean                   3.52 (4.6)                       51.46
      Western Pacific                         26.04 (32.6)                     45.22
  Cause of death                                                               
      Cardiovascular disease                  47.02 (59.2)                     25.81
      Cancer                                  18.59 (23.4)                     10.20
      Chronic obstructive pulmonary disease   11.01 (13.9)                     6.04
      Diabetes                                2.73 (3.4)                       1.50

WHO: World Health Organization.

^a^ The four noncommunicable diseases identified by the World Health Organization for assessing premature mortality were cardiovascular disease, cancer, chronic obstructive pulmonary disease and diabetes mellitus.

^b^ Percentages are of deaths in each age group.

Data source: The Global Burden of Disease Study 2017.[@R8]

Subsequently, WHO's life-table method for the premature noncommunicable disease mortality metric was applied to the whole data set.[@R2] The noncommunicable disease mortality rate at each 5-year time-point for each age group (i.e. *x* to *x*+5 years), *~5~M~x~*, was estimated for each country and year of observation by summing relevant mortality rates for the four noncommunicable disease causes of death. These estimates of *~5~M~x~* were then used to calculate corresponding probabilities of death due to a noncommunicable disease over 5-year intervals, *~5~q~x~*:Unconditional probabilities of death due to a noncommunicable disease for the 30 to 69-year age group (*~40~q~30~*) and the 70 to 89-year age group (*~20~q~70~*), for each country, sex and 5-year time-point, were then calculated using these 5-year probabilities of death, as: and
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The magnitude of the probability of death due to a noncommunicable disease in the older age group relative to the premature age group, for each country, sex and time-point, was defined as the ratio of *~20~q~70~* to *~40~q~30~*. The resulting data set contained 2340 unique instances each of *~40~q~30~*, *~20~q~70~* and *~20~q~70~* : *~40~q~30~*, which were subsequently analysed by WHO region, country, sex and year.

The Stata curvefit command (StataCorp LP., College Station, USA) was used to examine the relationship between the probability of death due to a noncommunicable disease in the premature age group (*~40~q~30~*) and the ratio of the probability of death between the older and premature age groups (*~20~q~70~* : *~40~q~30~*) by WHO region, sex and year. The curve with the best fit was identified to be a power function. All calculations were performed in Stata v. 12.1.

Results
=======

In 2017, mortality rates in the 70 to 89-year age group were an order of magnitude higher than those in the 30 to 69-year age group ([Table 1](#T1){ref-type="table"}). Although the numbers of deaths in the two groups were comparable, there were fewer people in the older age group as this group made up a much lower proportion of the population. In general, mortality rates decreased modestly over time, were higher among males and were highest in WHO European and Eastern Mediterranean Regions. They were predominantly attributable to cardiovascular disease and cancer, out of the four noncommunicable diseases studied.

On applying WHO's method for the premature noncommunicable disease mortality metric to the data,[@R2] The probability of death due to a noncommunicable disease in the premature age group varied by sex, country and year from 0.050 for females in the Republic of Korea in 2017 to 0.533 for males in Papua New Guinea in 1992; the median was 0.207. The probability of death in the older age group varied from 0.274 for females in Singapore in 2017 to 0.983 for males in Uzbekistan in 2012; the median was 0.695. The ratio of the probabilities of death due to a noncommunicable disease between the older and premature age group, ranged from 1.57 for males in Papua New Guinea in 1992 to 7.67 for females in Greece in 2002; the median was 3.28.

The correlation between probabilities of death in the premature age group and the older : premature ratio over all 2340 country, year and sex combinations is shown in [Fig. 1](#F1){ref-type="fig"} and has an *r^2^* value of 0.989. The fitted curve can be expressed by the equation:
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The shape of the curve in [Fig. 1](#F1){ref-type="fig"} shows that, in addition to the strong correlation between the probabilities of death in the premature age group and the older: premature probability ratio, lower values in the premature age group correspond to proportionately higher values of the ratio.

[Fig. 2](#F2){ref-type="fig"} shows similar scatter plots of probabilities of death for the 2340 data points categorized by sex, year and WHO region, respectively, and includes separate fitted curves for each subgroup. The median probability of death for the premature age group for females over all countries and years was 0.178; the corresponding value for males was 0.243. The median older : premature ratio was 3.65 for females and 2.98 for males. Analysed by year, the median value for the premature age group decreased from 0.229 in 1992 to 0.180 in 2017, whereas the median older : premature ratio increased from 3.11 in 1992 to 3.53 in 2017. Analysed by WHO region, the median probability for the premature age group ranged from 0.173 for the Region of the Americas to 0.251 for the Western Pacific Region and the median older : premature ratio ranged from 2.97 for the Western Pacific Region to 4.03 for the European Region.
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Discussion
==========

Globally, a strong relationship was found between the probability of death due to four major noncommunicable diseases in the 70 to 89-year age group and the probability in the 30 to 69-year age group. This observation has important implications for noncommunicable disease policy and practice, since premature noncommunicable disease mortality is a key metric for WHO noncommunicable disease reduction strategies and SDG target 3.4, as health care throughout the life-course is a key deliverable. Although the absolute numbers of deaths due to a noncommunicable disease in the premature and older age groups were very similar globally, the biological reality is that the probability of dying in general, and from a noncommunicable disease in particular, is strongly age-related. Estimates from the Global Burden of Disease study indicate that there has been some success in reducing the noncommunicable disease mortality rate in the older age group over time: from 51.15 to 39.22 per 1000 globally between 1992 and 2017. Nevertheless, rates in the older group remained an order of magnitude higher than those in the premature age group, which fell similarly from 4.62 to 3.72 per 1000 over the same period.

Population ageing, which is occurring in many societies, is being driven by the successful postponement of death, particularly death due to a noncommunicable disease. Nevertheless, the median probability of death observed for the older age group reflects the fact that most people who reach 70 years of age die of a noncommunicable disease before their 90th birthday. Thereafter, only a small proportion of survivors 90 years of age go on to celebrate their centenaries. The correlation between probability of death in the premature group and the older: premature ratio suggests that, although there may be scope for reducing the probability of death from a noncommunicable disease in general, reducing the probability of dying from a noncommunicable disease at an older age is likely to be less tractable, even if premature noncommunicable disease mortality is substantially reduced. Consequently, as the proportion of people in the world who survive till their seventieth birthday increases, in future there is likely to be a higher number of deaths due to a noncommunicable disease in the older age group. This should not, therefore, be regarded as a public health failure in addressing noncommunicable diseases.

With any population health target, considering how various subgroups might be affected is required. In this study, the most obvious variation was by sex, with females having generally lower probabilities of death from a noncommunicable disease. This result is consistent with adult females' overall survival advantage, which is well established almost everywhere in the world, particularly in older age groups. Variations by year and WHO region were less pronounced and these variables do not seem to be major cofactors influencing the relationship between probabilities of death in the premature and the older age groups. Such relationships suggest that the premature noncommunicable disease mortality metric provides very useful, indirect, but generalizable information about noncommunicable disease mortality in older adults.

In practice, monitoring cause-specific mortality among older people successfully can be difficult, especially in areas where death certification is not mandatory. In particular, the cause of death in older people is often uncertain when verbal autopsies are used. For example, in an analysis of over 100 000 deaths across Africa and Asia,[@R12] the cause of death remained undetermined in 14.6% (4 364/29 911) of people older than 65 years, compared with 11.5% (7 862/68 518) of those younger than 65 years. Clinically, the cause of death may be less clear in older people with multiple morbidities and culturally, verbal autopsy informants may be less forthcoming about the circumstances of the death if there is an underlying belief that "she died because she was old." Therefore, concentrating efforts on improved monitoring of the cause of death in people younger than 70 years of age may be more realistic in settings with constrained resources.

This study has limitations. The need to base the analysis on modelled global estimates was not ideal. Although Global Burden of Disease estimates may be good, underlying source data, particularly from low- and middle-income countries, remain scarce.[@R13] In addition, the Global Burden of Disease modelling process is so complex one cannot be sure that undertaking further analyses based on those modelled outputs does not somehow reveal underlying assumptions as artefacts. However, given its global scope, the analysis included a considerable amount of data from countries with excellent information systems that were much less likely to be affected by the modelling process. Consequently, the risk of uncovering modelling artefacts was reduced.

In conclusion, the close relationship between noncommunicable disease mortality rates in people younger and older than 70 years of age shown in this study, suggests that using premature noncommunicable disease mortality as a metric is not in itself an ageist strategy. Use of the metric, as required by SDG target 3.4, neither involves nor implies any lack of care or concern for older people and their health; to the contrary, premature noncommunicable disease mortality rates can, as shown here, predict rates among older people. Moreover, in terms of care of older people, declarations by WHO and other agencies have frequently stated their commitment to universal health coverage, which by definition covers the whole life-course.[@R14]

The unsurprising female-to-male differences observed make it essential that assessments of noncommunicable disease mortality should adopt a sex-disaggregated approach, not least to avoid the allegation that noncommunicable disease mortality targets are sexist. In a world of scarce resources, the accurate assessment of premature noncommunicable disease mortality is a pragmatic strategy for tracking overall progress on tackling noncommunicable diseases. The major remaining practical challenge is to strengthen on-the-ground information systems so that premature noncommunicable disease mortality can be monitored directly and reliance on modelled estimates, as used here, can be reduced.
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